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ABSTRACT 


Force,  pressure,  and  acoustical  data  were  obtained  for  the 
Titan  III/ MOL  (Manned  Orbiting  Laboratory)  launch  vehicle  in 
Tunnels  16T  and  16S  of  the  Propulsion  Wind  Tunnel  Facility.  The 
primary  objective  of  the  test  was  to  determine  the  effect  of  MOL 
protuberances  on  stability  and  axial-force  coefficients  and  on  sur¬ 
face  pressure  distributions.  The  force  data  were  measured  using 
three  balances  which  sensed  aerodynamic  loads  separately  on  the 
MOL-Gemini  section,  on  the  composite  vehicle,  and  on  one  solid 
rocket  motor.  Mach  number  was  varied  from  0.  60  to  3.  00.  Pro¬ 
tuberance  variations  produced  measurable  changes  in  stability  and 
axial-force  characteristics  for  the  MOL-Gemini  section  only.  Sur¬ 
face  pressures  near  the  protuberances  returned  to  protuberance- 
free  trends  within  approximately  0.5 -core  diameters  downstream  of 
a  protuberance  trailing  edge.  (AFR  310-2,  Stmt.  2) 
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NOMENCLATURE 


cA 


Total  axial -force  coefficient, 


measured  axial  force 

Qa,S 


CA,b 

CA,  F 

Ci 

Cm 


C 


P 


cY 

D 


Base  axial -force  coefficient 


(see  Section  2.  3) 


s, 

s 


Forebody  axial-force  coefficient,  ^ 

„  .  .  ...  .  ,  measured  rolling  moment 

Rolling- moment  coefficient,  - - - - 

q„SD 

Pitching -moment  coefficient  (see  Fig.  7  for  moment 


.  ,  .  measured  pitching  moment 

reference  locations),  - - — - -  — 

Q^SD 

Pitching -moment  curve  slope,  rate  of  change  of 
pitching-moment  coefficient  with  angle  of  attack 
(dCm/do)  evaluated  at  a  -  0  deg,  per  degree 


Normal-force  coefficient. 


measured  normal  force 


Yawing-moment  coefficient. 


measured  yawing  moment 


q^sD 


Yawing-moment  curve  slope,  rate  of  change  of  yawing- 
moment  coefficient  with  sideslip  angle  (dCn/d/3) 
evaluated  at  /3  =  0  deg,  per  degree 

P i  -  p 

Pressure  coefficient, - — 

qro 


Side-force  coefficient. 


measured  side  force 


Core  diameter  (reference  diameter),  0.  535  ft 


Free -stream  Mach  number 
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Pbi 

Pje 

Pa> 

q» 

Re/ft 

S 

Si 

V. 

X 

XnP  q, 


xnp^ 


a 

13 


0 


Average  base  pressure  for  the  i-th  section,  psf 
Static  pressure  measured  on  the  pressure  model,  psf 
Free-stream  static  pressure,  psf 
Free -stream  dynamic  pressure,  psf 
Reynolds  number  per  foot,  V<D/i/<D 

Core  cross-sectional  area  (reference  area),  0,225  ft^ 
Effective  base  area  of  the  i-th  section,  ft^ 

Free-stream  velocity,  ft/ sec 

Distance  of  pressure  model  orifices  from  model  nose,  ft 

Longitudinal  neutral-point  location  measured  in  reference 
diameters  from  the  moment  reference  point  (see  Fig,  7), 
dCm/ dCn  at  o’  =  0  ceg,  positive  forward 

Lateral  neutral-point  location  measured  in  reference 
diameters  from  the  moment  reference  point  (see  Fig,  7), 
dCn/dCy  at  /3  =  0  deg,  positive  forward 

Model  angle  of  attack  with  respect  to  the  tunnel 
centerline,  deg 

Model  sideslip  angle  with  respect  to  the  tunnel 
centerline,  deg 

rt 

Kinematic  viscosity  of  the  free  stream,  ftr/sec 

Roll  orientation  of  surface  pressure  orifices  (see  Fig,  6), 
deg 
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SECTION  I 
INTRODUCTION 


Force,  pressure,  and  acoustical  data  were  obtained  for  models 
of  the  Titan  III /MOL  launch  vehicle  in  the  Propulsion  Wind  Tunnels, 
Supersonic  (16S)  and  Transonic  (16T)  of  the  Propulsion  Wind  Tunnel 
Facility  (PWT).  The  models  consisted  of  the  Titan  IIl/MOL  launch 
vehicle  supporting  either  a  basic  or  a  modified  Gemini  capsule.  The 
subject  investigation  was  an  extension  of  a  previous  test  reported  in 
Ref.  1.  The  present  models  differed  from  those  tested  previously  in 
that  several  protuberances  were  added  to  the  MOL  (Manned  Orbiting 
Laboratory)  section. 

The  purpose  of  the  present  entry  was  to  assess  the  effects  of  the 
additional  protuberances  on  vehicle  stability  and  on  steady  and  unsteady 
surface  pressure  environments.  Component  forces  and  moments  were 
measured  at  Mach  numbers  from  0.  60  to  3.00.  Pressure  data  were 
obtained  at  Mach  numbers  from  0.  60  to  2.  60. 


SECTION  II 
APPARATUS 


2.1  TEST  FACILITIES 

Tunnel  16T  is  a  variable  density  wind  tunnel  capable  of  operation 
from  Mach  numbers  0.  55  to  1.  6.  The  test  section  is  16  ft  square  in 
cross  section  and  is  lined  with  perforated  plates  to  allow  continuous 
operation  with  minimum  wall  interference. 

Tunnel  16S  is  a  variable  density  wind  tunnel  capable  of  operation 
between  Mach  numbers  1.  7  to  3.  2.  The  test  section  is  16  ft  square  in 
cross  section. 

Details  of  the  test  sections  showing  model  location  and  support  strut 
arrangement  are  presented  in  Fig.  1.  A  more  extensive  description  of 
each  tunnel  is  given  in  Ref.  2. 

2.2  MODEL  GEOMETRY 

The  Titan  III/ MOL  launch  vehicle  combines  a  Titan  III  120 -in.  -diam 
core  and  two  120-in.  -diam,  strap-on  solid  rocket  motors  (SRM's)  with 
the  MOL.  The  MOL  consists  of  a  120-in.  -diam  cylinder  and  is  mounted 
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aft  of  a  Gemini  capsule.  Separate,  0.0535-scale  force  and  pressure 
models  were  tested.  Each  model  consisted  of  the  launch  vehicle  with 
either  basic  or  modified  external  geometry  for  the  Gemini  capsule. 
Details  of  the  launch  vehicle  with  a  basic  Gemini  shape  are  shown  in 
Fig.  2.  Variations  of  Gemini  shape  and  MOL,  protuberance  orienta¬ 
tion  defined  a  total  of  five  configurations  for  which  data  were  obtained, 
A  sketch  of  the  two  Gemini  versions  and  configuration  photographs 
are  shown  in  Fig.  3.  Excepting  protuberance  orientation,  the  launch 
vehicle  aft  of  the  Gemini  section  was  unchanged  for  the  five  configura¬ 
tions.  The  protuberances  are  described  in  Fig.  4  and  were  of  two 
types.  These  were  (1)  the  four  geometrically  identical  attitude  control 
rockets  and  (2)  the  five  faired  protuberances  labeled  A  through  E. 
Protuberances  A  through  E  are  sketched  in  the  normal  launch  position 
in  Fig.  4a.  The  following  table  identifies  and  describes  the  five 
configurations: 


Conf  ig. 

Gemini 

Version 

Prot  ubera  nces 

Protub. 

Position 

Attitude 

Control 

Rockets 

mm 

B 

mm 

D 

mm 

Bl 

Basic 

Off 

Off 

Off 

Off 

Off 

- 

On 

B2 

On 

On 

On 

On 

On 

Norma  1 

B3 

1 

1 

1 

1 

1 

1 

■ 

D 

Rotated 

180  deg 

Ml 

Modified 

Off 

Off 

Off 

Off 

Off 

- 

Off 

M2 

' 

1 

■ 

■ 

1 

1 

1 

On 

On 

Norma  1 

On 

Configuration  Bl  was  tested  both  during  the  present  entry  and  during 
the  Ref.  1  investigation.  The  external  geometry  of  configuration  Bl 
differed  slightly  for  the  two  entries,  in  that  the  Ref.  1  configuration  in¬ 
cluded  a  horizon  sensor  protuberance,  whereas  the  most  recent  version 
of  configuration  Bl  was  tested  without  this  protuberance.  Details  and 
location  of  the  horizon  sensor  protuberance  are  shown  in  Fig.  4c. 


2.3  INSTRUMENTATION 

The  force  model  was  instrumented  with  three  internally -mounted 
strain-gage  balances  for  the  measurement  of  component  aerodynamic 
loads.  Figure  5  shows  the  locations  of  the  balances  plus  the  15  base 
and  cavity  orifices  used  to  measure  base  pressures  for  the  determina¬ 
tion  of  base  axial-force  coefficients.  The  total  base  axial-force 
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coefficient,  CA  for  each  balance  was  the  sum  of  Ca,  b  values  for 
rearward-facing  model  areas  affecting  that  balance.  For  example, 
CA>  b  for  the  composite  model  (balance  3)  included,  in  addition  to 
CA>  b  f°r  the  effective  core  base  and  cavity  areas,  sums  of  CA,  b 
from  the  thrust  vector  control  bottles  and  from  the  solid  rocket 
motors.  The  model  centerbody  was  separated  by  a  gap  at  the  MOL- 
core  interface  such  that  balance  2  sensed  loads  only  on  the  MOL- 
Gemini  section.  Balance  3  was  used  to  measure  composite  model 
loads,  and  the  left  SRM  loads  were  sensed  by  balance  4.  Balance  1, 
used  to  measure  Gemini  loads  in  the  Ref.  1  tests,  was  not  used  in  the 
present  test. 

The  pressure  model  was  instrumented  with  361  surface  pressure 
orifices  for  the  measurement  of  steady- state  pressures.  Five  micro¬ 
phones  were  flush-mounted  to  the  pressure  model  in  Tunnel  16T  and 
were  used  to  record  fluctuating  pressures.  Microphone  and  orifice 
locations  arc  shown  in  Fig.  6. 


SECTION  III 
TEST  DESCRIPTION 


3.1  PROCEDURE 

Angles  of  attack  (o)  and  sideslip  (3)  were  obtained  by  pitching  and 
rolling  the  sting  to  pre- calculated  angles  corresponding  to  the  scheduled 
a-fi  combinations.  The  orientation  of  moments  and  forces  and  the 
moment  reference  locations  for  the  force  model  are  shown  in  Fig.  7, 

Data  were  recorded  by  holding  Mach  number  constant  while  a  and  p 
were  varied  from  -11  to  +12  deg.  Mach  number  for  the  force  model 
was  varied  from  0.  60  to  1.  40  in  Tunnel  16T  and  from  1.  80  to  3.  00  in 
Tunnel  16S.  Data  were  recorded  for  the  pressure  model  at  Mach  num¬ 
bers  from  0.  60  to  1.  40  in  Tunnel  16T  and  from  1.  80  to  2.  60  in  Tunnel 
16S.  A  summary  of  Mach  numbers  at  which  the  various  configurations 
were  tested  is  shown  in  Table  I  (see  Appendix  II).  Reynolds  number 
variations  are  shown  in  Fig.  8. 


3.2  PRECISION  OF  MEASUREMENTS 

The  estimated  precision  of  measurements  for  pertinent  test  condi¬ 
tions  is  as  follows: 
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Angle  of  attack 

or  sideslip 

±0. 10  deg 

0.  60  to  1.  10 

±0.003 

Mach  number 

1.  20  to  1. 40 

±0.010 

1.  80  to  3.  00 

±0. 020 

Dynamic  ) 

'M„  <  1.  40 

±4  psf 

pressure  ) 

o 

* 

T— I 

A 

6 

£ 

±3  psf 

The  uncertainties  quoted  for  Mach  number  relate  to  the  variation  of 
Mach  number  in  the  vicinity  of  the  test  article.  The  uncertainty  in 
setting  Mach  number  varied  from  ±0.  003  to  ±0.  010  with  increasing 
Mach  number. 

The  calculated  coefficient  uncertainties,  shown  in  Table  II,  .are 
categorized  as  calibration  and  total  uncertainties.  Uncertainties 
within  the  calibration  category  are  based  on  deviations  in  balance  or 
transducer  output  observed  during  the  most  recent  calibration.  These 
output  deviations  were  composed  'chiefly  of  random  scatter,  permitting 
the  use  of  a, statistical  method  to  determine  the  calibration  uncertain¬ 
ties  quoted  in  Table  II.  These  values  are  based  on  a  95 -percent  con¬ 
fidence  level  and  a  normal  error  distribution. 

The  total  uncertainties  include  calibration  uncertainties  and  balance 
or  transducer  output  shifts.  The  output  shifts  were  indicated  by  a  dis¬ 
crepancy  between  wind- off  outputs  recorded  before  a  data  run  and  those 
recorded  afterwards.  The  output  shift  uncertainty  for  a  data  channel 
was  assumed  equal  to  the  largest  observed  shift  between  pre-run  and 
post-run  wind- offs  for  that  particular  channel. 

Balance  output  shifts  characteristically  occur  slowly  relative  to  the 
acquisition  time  for  a  set  of  pitch  or  yaw  data.  An  output  shift  conse¬ 
quently  has  a  minimal  effect  on  the  slope  of  a  coefficient  as  a  function 
of  pitch  or  yaw  angle,  and  a  slope  uncertainty  is  adequately  described 
by  the  calibration  uncertainty  for  the  coefficient  in  question.  A  coef¬ 
ficient  magnitude  would  obviously  be  affected  by  both  scatter  and  shift, 
and  the  corresponding  uncertainty  is  best  described  within  the  total 
uncertainty  category  of  Table  II. 
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SECTION  IV 
RESULTS 


4.1  FORCE  PHASE 

Launch  vehicle  force  data  are  presented  in  Figs.  9  through  37  for  the 
modified  Gemini  configurations  and  in  Figs.  38  through  54  for  the  basic 
Gemini  versions.  The  basic  Gemini  configuration  without  faired  pro¬ 
tuberances  (configuration  Bl)  was  tested  previously  as  reported  in  Ref.  1. 
Additional  data  were  obtained  for  a  slightly  different  version  of  configura¬ 
tion  Bl  (see  Section  2. 2)  at  selected  Mach  numbers  during  the  latest 
entry  to  check  the  data  reported  in  Ref.  1.  Differences  between  the  two 
sets  of  data  were  within  the  accuracies  of  measurement.  All  data  re¬ 
ported  herein  for  configuration  Bl  were  obtained  during  the  previous 
investigation  and  are  presented  for  comparison  purposes  only.  In  view 
of  the  extensive  reporting  of  basic  Gemini  force  data  in  Ref.  1,  data 
presentations  for  the  basic  Gemini  configurations  in  the  present  report 
are  limited  chiefly  to  an  assessment  of  protuberance  effects  on  stability 
and  axial-force  characteristics.  Force  data  are  presented  in  more 
complete  detail  for  the  modified  Gemini  model,  since  no  force  configura¬ 
tion  of  this  model  had  previously  been  tested. 

4.1.1  Configu rations  with  the  Modified  Gemini  Shape 

The  two  modified  Gemini  configurations  (see  Section  2.  2)  were 
defined  as  configurations  Ml  (without  MOL  protuberances)  and  M2  (with 
MOL  protuberances).  Data  are  presented  in  sequence  for  the  MOL- 
Gemini  section,  the  composite  vehicle,  and  the  left  SRM. 

Pitching-moment  coefficients,  Cm,  for  the  MOL-Gemini  section  of 
configurations  Ml  and  M2  are  varied  with  angle  of  attack,  a,  for  angles 
of  sideslip,  3,  of  0,  +8,  and  -8  deg  in  Fig.  9.  Normal-force  coef¬ 
ficient,  On*  is  similarly  presented  in  Fig.  10.  Configuration  M2  dis¬ 
played  slopes  of  Cm  and  Cn  with  a  which  were  slightly  larger  than  those 
exhibited  by  configuration  Ml.  Yawing-moment  coefficient,  Cn,  and 
side -force  coefficient,  Cy,  are  shown  as  functions  of  /3  at  a  =  0,  +8, 
and  -8  deg  for  the  MOL-Gemini  section  in  Figs.  11  and  12.  Measured 
differences  in  the  trends  of  Cn  or  Cy  between  the  two  configurations 
are  insignificant.  The  effects  of  configuration  change  on  the  longitudinal 
and  lateral  coefficients  are  consistent  with  the  protuberance  locations. 

As  shown  in  Figs,  3  and  4,  four  of  the  six  MOL  protuberances  on  con¬ 
figuration  M2  were  located  along  either  side  of  the  model,  and  removal 
of  the  six  protuberances  should  effect  a  greater  change  in  the  longitudinal 
coefficients  than  in  the  lateral  coefficients. 
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Variations  of  MOL-Gemini  forebody  axial- force  coefficient, 

Ca,  F'  with  a  at  /3  =  0  are  compared  for  configurations  Ml  and  M2  in 
Fig.  13.  Configuration  M2  consistently  exhibited  larger  magnitudes 
of  Ca,  F*  Trends  of  base  axial-force  coefficient,  Ca,  b*  with  a  are 
shown  in  Fig.  14.  No  significant  differences  in  MOL-Gemini  Ca,  b 
values  were  observed  for  the  two  configurations.  Variations  of  MOL- 
Gemini  Ca,  F  and  Ca,  b  with  Mach  number  at  a,  0=0  are  compared 
for  the  two  modified  configurations  in  Figs.  15  and  16.  A  maximum 
value  of  Ca,  b  occurred  at  Mach  number  1.  20  for  both  configurations. 

Variations  of  Cm  and  Cn  with  a  at  p  =  0,  +8,  and  -8  deg  are 
compared  for  configurations  Ml  and  M2  of  the  composite  model  in 
Figs.  17  and  18.  The  two  configurations  exhibited  no  measurable 
differences  in  Cm  or  Cn-  Figures  19  and  20  show  variations  of  Cn 
and  Cy  with  £  at  a  =  0,  +8,  and  -8  deg  and,  again,  no  significant 
differences  between  the  two  configurations  were  observed.  The 
pitching -moment  curve  slope,  Cm  ,  and  the  yawing-moment  curve 
slope,  Cn^,  are  varied  with  Mach  number  in  Figs.  21  and  22.  Longi¬ 
tudinal  and  lateral  neutral-point  locations  are  varied  with  Mach  num¬ 
ber  in  Fig.  23.  The  longitudinal  neutral  point,  xnp^,  showed  little 
response  to  changes  in  Mach  number  and  displayed  a  maximum  travel 
of  less  than  one  core  diameter.  The  lateral  neutral  point,  xnp^, 
revealed  a  more  definitive  trend  with  a  most  forward  location  at  Mach 
number  0.  90  and  a  maximum  travel  in  excess  of  two  diameters. 

Variations  of  Ca,  F  and  CA,  b  with  a  for  the  composite  model, 
comparing  configurations  Ml  and  M2,  are  presented  in  Figs.  24  and 
25.  The  values  of  Ca,  F  and  Ca,  b  at  a,  0  =  0  are  plotted  as  functions 
of  Mach  number  in  Figs.  26  and  27.  Configuration  M2  produced 
slightly  larger  magnitudes  of  Ca,  F  at  Mach  numbers  from  1.  00  to 
1.40.  The  differences  indicated  were,  however,  only  slightly  larger 
than  predicted  uncertainties  (see  Section  3,  2)  and  therefore  are 
probably  not  significant.  The  values  of  Ca,  b  did  not  differ  for  the 
two  configurations. 

Trends  of  Cm  and  Cn  with  a  for  0  =  0,  +8,  and  -8  deg  are  pre¬ 
sented  in  Figs.  28  and  29  for  the  left  SRM  in  the  presence  of  config¬ 
urations  Ml  and  M2.  Figures  30  and  31  show  variations  of  Cn  and 
Cy  with  p  at  a  =  0,  +8,  and  -8  deg.  The  SRM  moment  and  force 
coefficients  were  insensitive  to  changes  in  MOL  geometry  caused  by 
protuberances.  The  differences  indicated  in  Figs.  28  through  31  were 
consistently  less  than  the  estimated  uncertainties. 

Variations  of  SRM  Ca,  F  with  a  at  fi  =0  deg  and  with  jS  at  cn  =0  deg 
are  presented  in  Figs.  32  and  33.  Corresponding  variations  of  Ca,  b 
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are  presented  in  Figs.  34  and  35.  Trends  of  Ca,  F  ^  Ca,  b  with  Mach 
number  at  a,  ,3  =  0  are  presented  in  Figs.  36  and  3  7.  Configuration  Ml 
displayed  somewhat  larger  values  of  Ca,  F  but  again,  the  differences 
were  of  magnitudes  approximately  equal  to  predicted  uncertainties. 
Maximum  Ca,  F  and  CA,  b  occurred,  respectively,  at  Mach  numbers 
near  1.  20  and  1.  10. 

4.1.2  Configurations  with  the  Basic  Gemini  Shape 

The  three  basic  Gemini  configurations  (see  Section  2.  2)  included 
the  launch  model  without  the  five  faired  protuberances  (configuration 
Bl)  and  the  model  with  the  protuberances  in  the  normal  position 
(configuration  B2)  and  in  a  position  rotated  180  deg  from  the  normal 
location  (configuration  B3).  The  130-deg  rotation  of  the  MOL  pro¬ 
tuberances  from  the  configuration  B2  position  to  the  configuration  B3 
position  corresponded  geometrically  to  roiling  the  composite  model 
180  deg.  Therefore,  the  external  geometries  of  the  MOL-Gemini 
section  and  of  the  composite  model  were  essentially  unaffected  by  a 
change  from  configuration  B2  to  B3.  The  effect  of  protuberances  on 
the  aerodynamic  characteristics  of  the  MOL-Gemini  section  and  of 
the  composite  model  are  consequently  presented  for  configurations 
Bl  and  B2  only.  The  SRM  data  are  compared  for  all  three  configura¬ 
tions,  as  each  configuration  afforded  a  unique  protuberance  orienta¬ 
tion  relative  to  the  left  SRM.  It  should  be  noted  that  the  proximity  of 
the  left  SRM  of  configuration  B3  to  the  MOL  protuberances  was  identi¬ 
cal  to  that  of  the  right  SRM  for  configuration  B2  and  that,  in  fact, 
the  purpose  of  testing  configuration  B3  was  to  determine  the  MOL 
protuberance  effects  on  the  right  SRM  of  configuration  B2.  Variations 
of  Cms  and  with  Mach  number  are  presented  for  the  MOL-Gemini 
section  of  configurations  Bl  and  B2  in  Figs.  38  and  39.  Configuration 
B2  exhibited  consistently  more  positive  slopes  of  both  CmQ,  and  Cn^,. 
Similarly,  Figs.  40  and  41  show  more  negative  values  of  Cnij  and  CYj3 
for  configuration  B2.  However,  the  differences  indicated  in  Figs.  38 
through  41  are  near  the  predicted  uncertainties,  and  therefore  cannot 
be  considered  conclusive. 

Variations  of  Ca,  F  ana  Ca,  b  with  Mach  number  at  ot,  /3  =  0  are 
presented  for  the  MOL-Gemini  section  in  Figs.  42  and  43.  Configura¬ 
tion  M2  data  are  included  to  achieve  a  comparison  between  configura¬ 
tions  B2  and  M2  as  representative  launch  configurations  of  the  basic 
and  modified  Gemini  payloads.  Configurations  Bl  and  B2  did  not  exhibit 
consistently  measurable  differences  in  Ca,  F*  Values  of  Ca,  F  varied 
significantly  between  configurations  B2  and  M2  at  Mach  numbers  1.  80, 
2.00,  and  2.20,  where  configuration  M2  displayed  the  larger  magni¬ 
tudes.  Configuration  M2  exhibited  values  of  CA.b  larger  than  those 
for  configuration  B2  at  all  Mach  numbers  for  which  data  were  compared. 
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Of  the  basic  models,  configuration  Bl  displayed  slightly  larger  values 
of  MOL-Gemini  CA,b  except  at  Mach  number  1.40. 

Trends  of  Cm(y  and  Cn^  with  Mach  number  are  compared  for 
composite  configurations  Bl  and  B2  in  Figs.  44  and  4  5.  The  longi¬ 
tudinal  and  lateral  neutral-point  locations  are  varied  with  Mach 
number  for  composite  configurations  Bl,  B2,  and  M2  in  Fig,  46. 

The  xnpa,  for  the  basic  configurations  was  relatively  invariant  with 
Mach  number  and  displayed  a  maximum  travel  of  approximately  one 
core  diameter,  whereas  xnpg  varied  approximately  2.  5  core  diam¬ 
eters  with  Mach  number  and  was  most  forward  at  Mach  number  0.90. 
Configuration  M2  exhibited  values  of  neutral-point  location  similar  to 
those  of  configuration  B2  with  no  significant  differences. 

Forebody  and  base  axial-force  coefficients  are  varied  with  Mach 
number  for  composite  configurations  Bl,  B2,  and  M2  in  Figs.  47  and 
48.  No  consistent  differences  in  magnitude  of  Ca,  F  or  Ca,  b  were 
observed  among  the  three  configurations.  Maximum  Ca,  F  occurred 
near  Mach  number  1.  30  with  a  maximum  CA,  b  near  Mach  number 
1.20. 

Variations  of  SRM  Cm  and  Cn  with  a  are  compared  for  configura¬ 
tions  Bl,  B2,  and  B3  in  Figs.  49  and  50.  Variations  of  Cn  and  Cy 
with  j3  are  shown  in  Figs.  51  and  52.  The  longitudinal  coefficients 
for  the  three  configurations  indicate  differences  in  magnitude  at  various 
Mach  numbers;  however,  these  differences  are  probably  caused  by 
unusually  large  shifts  in  balance'  output.  No  significant  differences  in 
Cn  or  Cy  were  observed. 

Variations  of  SRM  Ca,  F  and  CA,b  with  Mach  number  at  a,  3  =  0 
are  presented  for  configurations  Bl,  B2,  and  B3  in  Figs.  53  and  54. 
Differences  in  magnitude  of  Ca,  F  or  Ca,  b  are  not  significant  for  the 
three  configurations. 


4.2  PRESSURE  PHASE 

Surface  pressures  were  measured  at  approximately  400  model 
locations  (Fig.  6)  for  configurations  Ml,  M2,  B2,  and  B3.  The  pres¬ 
sure  data  reported  in  Ref.  1  were  obtained  at  similar  model  locations 
for  configuration  Bl  and  for  a  modified  Gemini  configuration  with  atti¬ 
tude  control  rockets  but  without  the  faired  protuberances.  A  compari¬ 
son  of  present  results  with  those  reported  in  Ref.  1  showed  reasonable 
agreement  of  Cp  trends  and  magnitudes  for  similar  configurations 
except  in  the  model  vicinity  where  protuberance  changes  were  made. 
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The  protuberance  effects  on  surface  pressure  distributions  are 
typified  in  Fig.  55,  which  compares  distributions  of  Cp  along  the 
0-deg  ray  of  configuration  B1  with  Cp  variations  along  the  270-deg 
and  334-deg  rays  of  configuration  B2.  These  data  are  presented  for 
a  and  £  =  0  deg.  The  data  plotted  for  the  270-  and  334-deg  rays  of 
configuration  B2  include  distributions  across  protuberances  D  and 
A,  respectively.  The  configuration  Bl  data  represent  a  protuberance - 
free  distribution.  The  ray  orientations,  model  stations,  and  pro¬ 
tuberance  locations  are  identified  in  Fig.  4a.  Figure  55  shows  a 
predictable  distortion  of  Cp  distributions  across  the  protuberances. 
However,  these  Cp  variations  return  to  a  protuberance-free  trend 
within  0.  5-core  diameters  downstream  of  the  trailing  edge  of  either 
protuberance. 


SECTION  V 

SUMMARY  OF  RESULTS 


The  data  results  are  summarized  as  follow: 

1.  The  deletion  of  protuberances  from  the  MOL  portion 
of  the  modified  and  basic  Gemini  models  effected 
measurable  changes  in  force  and  moment  character¬ 
istics  for  the  MOL-Gemini  section  only.  For  the 
modified  Gemini,  CmQ,»  Cm  ,  and  Ca,  F  f°r  the  MOL- 
Gemini  section  decreased.  Results  for  the  MOL- 
Gemini  section  of  the  basic  Gemini  model  showed 
Cma  and  ON#  decreased  after  protuberance  removal, 
whereas  positive  increments  in  Cng  and  Cyg  occurred. 

2.  Typical  surface  pressure  distributions  across  the 
faired  protuberances  reached  protuberance-free  values 
within  0.  5 -core  diameters  downstream  of  the  pro¬ 
tuberance  trailing  edge. 
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Fig.  17  Variation  of  Composite  Model  Pitching-Moment  Coefficient  with  Angle  of  Attack  for  Configurations  Ml  and  M2 
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Fig.  18  Variation  of  Composite  Model  Normal-Force  Coefficient  with  Angle  of  Attack  for  Configurations  Ml  and  M2 
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Fig.  19  Variation  of  Composite  Model  Yawing-Moment  Coefficient  with  Sideslip  Angle  for  Configurations  Ml  and  M2 


A  E  DC-T  R  -67-59 


co 

oo 


Ci  CONFIG. 

•  0  Ml 

O  0  M2 

□  -8  j 

O  0  1 


I _ I - 1 - 1 - ! _ I _ I _ I _ I _ J-  _ I _ I _ I _ I  !  I _ L _ ! _ ICI  I  I  I _ L  I  I  I  I  I  I  I 

-12  -8  -4  0  0  0  0  0  4  8  12 

$ 


Fig.  20  Voriotion  of  Composite  Model  Side-Force  Coefficient  with  Sideslip  Angle  for  Configurations  Ml  and  M2 
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Fig*  22  Variation  of  Composite  Model  Yawing-Moment  Curve  Slope  with 
Mach  Number  for  Configurations  Ml  and  M2 
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Fig.  23  Variation  of  Composite  Neutral-Point  Location  with  Mach  Number 
for  Configurations  Ml  and  M2 
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Fig.  26  Variation  of  Composite  Model  Forebody  Axial-Force  Coefficient  with 
Mach  Number  for  Configurations  Ml  and  M2  at  a,  /3  =  0 
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Fig.  27  Variation  of  Composite  Model  Base  Axial-Force  Coefficient  with  Mach 
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Fig*  29  Variation  of  SRM  Normal-Force  Coefficient  with  Angle  of  Attack  for  Configurations  Ml  and  M2 
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b.  Moch  Numbers  2-00  ond  2*20 
Fig.  29  Concluded 
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Fig.  30  Variation  of  SRM  Yowing-Momen!  Coefficient  with  Sideslip  Angle  for  Configurations  Ml  and  M2 
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Fig*  31  Variation  of  SRM  Side-Force  Coefficient  with  Sideslip  Angle  for  Configurations  Ml  and  M2 
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Fig-  33  Variation  of  SRM  Forebody  Axial-Force  Coefficient  with  Sideslip  Angle  for  Configurations  Ml  and  M2  at  a  =  0 
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Fig*  34  Variation  of  SRM  Base  Axial-Force  Coefficient  with  Angle  of  Attack  for  Configurations  Ml  and  M2  at  /3  =  0 
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Fig.  35  Variation  of  SRM  Base  Axial-Force  Coefficient  with  Sideslip  Angle  for  Configurations  Ml  and  M2  at  a  =  0 
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Fig>  36  Variation  of  SRM  Forebody  Axial-Forco  Coefficient  with  Mach  Number 
for  Configurations  M]  ond  M2  at  a,  /3  =  0 
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Fig.  37  Variation  of  SRM  Base  Axial-Force  Coefficient  with  Moch  Number 
for  Configurations  Ml  and  M2  at  a,  /3  =0 
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Fig.  42  Variation  of  MOL-Gemini  Forebody  Axial-Force  Coefficient  with  Mach  Number 
for  Configurations  B]r  B2 }  and  M2  at  a,  (3  ~  0 


Fig.  43  Vocation  of  MOL-Gemini  Base  Axial-Force  Coefficient  with  Mach  Number 
for  Configurations  Bl,  B2,  and  M2  at  a,  /3  =0 
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Fig.  45  Variation  of  Composite  Model  Yawing-Moment  Curve  Slope  with  Mach  Numb 
for  Configurations  Bl  and  B2 
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Fig.  47  Variation  of  Composite  Model  Forebody  Axial-Force  Coefficient  with 
Mach  Number  for  Configurations  B 1 ,  B2,  and  M2  at  Of  p  =  o 
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Fig.  48  Variation  of  Composite  Model  Base  Axial-Force  Coefficient  with 
Mach  Number  for  Configurations  Bl,  B2,  and  M2  at  a,  /3  =0 
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a.  Mach  Numbers  0.60  through  1.20 

Fig.  50  Voriation  of  SRM  Normal-Force  Coefficient  with  Angle  of  Attack  for  Configurations  B1,  82,  and  83 
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b.  Mach  Numbers  1.40  through  2*80 
Fig.  51  Continued 
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b.  Mach  Numbers  1.40  through  2.8U 
Fig.  52  Continued 
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Fig.  53  Variation  of  SRM  Forebody  Axial-Force  Coefficient  with  Mach  Humber  for 
Configurations  Bl,  B2,  and  B3  at  a,  /3  —  0 
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Fig.  54  Variation  of  SRM  Bose  Axial-Force  Coefficient  with  Mach  Number  for 
Configurations  Bl,  B2,  and  B3  at  a,  (3  =0 
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Fig.  55  Variation  of  Centerbody  Surfoce  Pressure  Coefficient  with  Model  Stotion  for 
Configurotions  Bl  ond  B2  at  a,  (3  =0 


86 


*/q 


b.  Mach  Numbers  1.10,  1.40,  2.1" 


Fig.  55  Concluded 


o  n 


[ill 


and  2*60 


AEDC-T  R -67-59 


TABLE  I 

MACH  NUMBER  INDEX 
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Legend:  F  -  Force  Data 

P  -  Pressure  Data 
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TABLE  II 
UNCERTAINTIES 

a.  Calibration  Uncertainties 
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OO 

Component 

±6C 
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±«CN 

±6C 

n 

±6Cy 

±6ca,f 

±6CA,b 

±>5Cp 

0.60 

MOL-Gemini 

.056 

.016 

.  055 

.013 

.016 

1.00 

.039 

.011 

.038 

.009 

.  Oil 

.013 

1.40 

.039 

.009 

.  033 

.008 

.011 

.010 

.012 

2.00 

.044 

- 1 

.017  j  .057 

1 

.016 

.016 

.014 

.017 

2.60 

1 

.068 

.017 

.060 

.016 

. 

,016 

0.60 

Composite 

.219 

.067 

.  122 

.  026 

.  031 

.019 

■ 

■ 

1.00 

.  171 

.046 

.  101 

.019 

_ 1 

.028 

.013 

O 

i — l 

_ 

.  159 

.040 

.083 

.011 

■ 

2.00 

.288 

.071 

.  142 

.031 

.033 

.015 

2.60 

.318 

.074 

.  148 

.  033 

.027 

.  014 

0.60 

SRM 

.332 

.053 

.  193 

.  027 

■ 

1.00 

.234 

.  139 

.019 

.023 

.011 

1.40 

.203 

.032 

.  117 

.017 

.020 

■ 

2.00 

.380 

.059 

.209 

1 

.031 

.033 

■ 

2.60 

.394 

.062 

.219 

.032 

.034 

.014 
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•TABLE  II  (Concluded) 
b.  Total  Uncertainties 


it 

DO 

Component 

±6C 

m 

±6Cn 

±6C 

n 

±6Cy 

mg 

+6C.  . 
A,  b 

±6Cp 

0.60 

MOL-Gemini 

.  153 

.047 

.106 

.032 

.017 

.015 

1 

1.00 

.  106 

.033 

.074 

.  022 

.012 

.010 

.013 

1.40 

.094 

.029 

.064 

.019 

.050 

.010 

.012 

2.00 

.169 

.052 

.118 

.037 

.024 

.014 

.017 

2.60 

.  124 

.038 

.024 

.014 

SH 

0.60 

Composite 

2.063 

.387 

.478 

.089 

.  157 

.019 

■ 

■ 

1.00 

1.437 

.269 

.337 

.062 

.  Ill 

.013 

■ 

1.40 

1.249 

.234 

.291 

.054 

.096 

.011 

2.00 

1.012 

.  192 

.723 

.  133 

.  160 

.015 

2.60 

1.064 

.200 

.756 

.  140 

,166 

.014 

■ 

0.60 

SRM 

1.137 

.059 

.071 

.016 

1.00 

.792 

.  124 

.269 

_ 

.041 

.050 

.011 

1 

1.40 

■ 

.687 

.035 

.044 

.010 

2.00 

.  799 

.  125 

.  515 

.080 

.044 

.013 

2.60 

1 

.834 

.131 

.539 

.083 

.046 

.014 

■ 

■ 
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